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Running e- inthe PD linac

*H- beam duty cycleislow (0.67 Hz) can use linac during free
time to accelerate other species

ee- bunch train rep. rate 4.67 Hz (TESLA LC 5 Hz), bunch train
duration 1 ms OK

Main Injector: 120 GeV, 0.67 Hz Cycle, 2.0 MW Beam Power
Linac Protons: 8 GeV, 4.67 Hz Cycle, 0.93 MW Beam Power
Linac Electrons: 8 GeV, 4.67 Hz Cycle, 0.93 MW Beam Power
8 GeV Linac Cycles 1.5E14 per Pulse at 10Hz
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Possible applications of e-

*Production of e to ~6-8 GeV for ILC R&D purposes (5 GeV is
the current injection energy in damping ring)

*Possible injection into TeV tunnd hosting a small damping ring
(FNAL lattice design of 6 km damping ring): either e- injection
or et injection (with conversion target)

Possible production of short-wavel ength photon beam using the
single-pass free-electron laser concept

*R& D In advanced accelerator physics [test new acceleration
schemes (e.g. laser-based acceleration etc...), new light source
concept (e.g. Smith-Purcell radiation source)]



Possible appl Ications of e-

Damping Rings
for LESLA @ FNAL
With 8/GeV e+ Preacc.




Linear collider type applications

*Optimization of around beam eectron injector for linear
collider: 5 GeV isthe current energy for the injector (ILC)
before injection in a damping ring

*Could produce et: optimize e+ conventional technique and
Inject e+ beam in damping ring

*Optimization of flat beam injector: test how far can we push
the method (currently transverse emittance ratio of 80 at FNPL)

Typical LC injector parameters (TESLA type design):
bge=5-10 mm-mrad,
Q/bunch= 3.2 nC,
s-~=0.3 mm (after damping ring compressor)




Free-electron laser type applications
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Free-electron laser type applications

Energy:
|, & K?*90
l em = u2 1+ :
29 2 g
fur 1 ,=1A: E » 20 GeV
Energy width:

Narrow resonance > S c/E = 10
U Small distortion by wakefields
P super conducting linac ideal!

Straight trajectory in undulator:
ultimately < 10 mm over 100 m

GanlLength: Ly=—7é

Beam si
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maximum interaction with radiation field
Emittance e=1/
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Pg; current inside bunch:
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feasible only at ultrarelativistic energies,
otherwise ruins emittance b bunch compressor

(J. Rossbach DESY)



—Xple for a6 GeV beam (K=1, | =3cm
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Ingredients

Both linear collider and free-electron lasers require ssmilar beam
parameters. (FEL are more demanding on bunch length/peak current)

*High brightness el ectron source (maybe at alater stage polarized?)
e|njection scheme in the main linac
*Bunch compressor to enhance the peak current

eExtraction scheme



The accelerator physics challenges

*Coulomb “explosion” of e- bunch at low energy requires a proper
optimization/choice of electron injector

el o

compromise between energy and charge density ...

Electron interaction with environment and with its own radiation
In bends has to be included in the design considerations, e.g.
coherent synchrotron radiation:

& 1 O
EII H Ogl’ 2/38 3/33

compromise between bunch length, bending radius,....



W” (arb. units)
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JUNO4-design

f-gun 3.9 GHz (L391)
f BC1 3.9 GHz (L392) f=1 section of 8 GeV linac

| to e users
L0 BC2 - DLZ/ E
- -
T
B<l1 section of 8 GeV linac

 b<1 section of the proton driver not used for e- acceleration: since
e- are produced with b=1

 Off-axis eectron source with injector installed above part of the
b<1 section of the PD linac

 Extraction not worked out depends on details and/or other
requirements



JUNO4-design: injector
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JUNO4-design: injection dogleg
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JUNO4-design: Injector perfromances

parameter walie units
laser injection phase 44 rf-depg
laser radius on cathode 0.75 I
laser Hat top length 203 s
laser rise time 2 s
E-peak on cathode 60 MV /m
L accelerating voltapge 12.54+25 % R
LO phase 0 {on-crest) ri-deg
L1 accelerating voltape 20H} % Y
L1 phase -26 off-crest rf-deg
L391 accelerating voltage 28 .4 1%
L391 phase +155 off-crest. ri-deg
L2 accelerating voltage 201 MV /m
L2 phase 0 {on-crest) rf-deg
L3992 accelerating voltage 28 0 1%
L392 phase ) (O-crossing) ri-deg
reduced energy v T2 5 -
charge 2 1 ol
bunch length o, olG LLrm
frac. energy spread os 3.3 x 104 o
norm. emit. £, 1.24 mrn-mmrad
norm. emit. £, 1.20 - ol

Tablk 1: Mominal settings Tor the of elemwenis and plesiocatiwsde drive lnser, amnd
beam parameters doees pstream of DDLLD (bhottom part of tabhle)



verfical direction (m)
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JUNO4-design: parameter at ~6 GeV
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NEXL SlEP. reCirculail orl
with tear drop loop?

Use an arc smilar to TESLA damping ring to return e- beam (same
Idea as Sekutovicz et al. PRSTAB Jan 2005)

*Energy doubler
(\ I injector
Main linac
e Energy recovering FEL

injector
- Main linac @

FEL



Summary

*\With two minors modifications of the proton driver linac (an
off-axis electron injector, and the insertion of a bunch
compressor magnetic chicane in the main linac) eectron beams
with parameter smilar to state-of-art linac driver for future light
sources can be achieved

*The exact design and study on proton beam impact still needs
some iteration (e.g. precise location of the bunch compressor)

*Possible recirculation of e- beam using the tear drop loop design
for either energy doubling or energy recovering will be studied



